Abstract The aim of the present study was to provide insight into various demographic, clinical, and management profile of Indian patients with oral tongue squamous cell cancer (OTSCC). All the OTSCC patients who had undergone surgical treatment during 1995 to 2010 at a tertiary care center in North India were considered for the present study. The details of the patients were retrieved from a prospectively maintained computerized database. A total of 124 patients were included in the present study. Mean age of the patients was 50.4 ± 12.0 years. Lateral border of the tongue was the most common sub-site involved in 110 (88.7%) patients. Neck nodes were clinically palpable in 56.4% patients. Hemiglossectomy and anterior partial glossectomy were common surgical procedure undertaken in 57.2 and 25.8% patients. Negative resection margin was achieved in 97.5% patients. Pathological neck metastasis was seen in 40.3% patients. Occult neck metastasis was present in 25.9% patients among clinical N0 neck. At a mean follow-up of 29.8 months (SD 3.1), 20.1% developed disease relapse and 4.0% patients developed second primaries. Kaplan-Meier analysis estimated a 5-year disease-free survival of 81.5% and a 5 years overall survival of 78.6%. Cox proportional regression analysis predicted tumor size and number of positive nodes to be independent predictive variables for disease recurrence. Quality controlled surgery, coupled with adjuvant treatment when required, provides a safe and effective treatment of OTSCC with a good disease-free survival and loco-regional control.
Introduction
Oral cancer incorporates a heterogeneous group of cancers which arise at different sub-sites of oral cavity. As per GLOBOCAN 2012 data (project of International Agency for Research on Cancer), oral cavity cancer (including lip) is one of the three common cancers in India with an annual incidence of 7.6% and 5-year prevalence of 6.6% [1] . Oral cancer is the fifth common cause of cancer-related death (7.6%) in India underscoring the magnitude of problem. Though tongue is the most common site of oral cavity cancer worldwide, it is second to the buccal mucosa and gingivo-buccal sulcus in most of the Indian studies due to widespread tobacco consumption including betel quid [2] . Though oral cavity cancer is the disease of developing countries, the overwhelming majority of the concerned publications come from the developed countries. Moreover, majority of the authors usually amalgamate cancers of all sub-sites of head and neck providing a heterogeneous representation. Expectedly, most of the oral cavity cancer treatment guidelines are based on western literature. These guidelines fail to address the problems of patients being managed in developing countries because of wide variations in epidemiology, demography, clinical profile, treatment patterns, and risk factors of oral cavity cancer. This underscores the urgent need to create an effective clinical database of cancer patients in developing world [3] . The aim of the present study was to provide insight into various demographic, clinical, and management profile of Indian patients with operable oral tongue squamous cell cancer (OTSCC).
Methods
A retrospective analysis of the prospectively maintained computerized database of the patients was done to retrieve the details of all the OTSCC patients who had undergone surgical treatment during 1995 to 2010. The study was approved by the Institutional Ethics Committee for Human Research. The patients were included if they were aged more than 18 years and were found to have pathologically proven squamous cell carcinoma. Those patients who had undergone primary surgery in a different center or did not have complete information were excluded from the present study. All the patients were treated in a multi-disciplinary head and neck cancer clinic. Detailed history including clinical presentation, history of risk factors, co-morbidities, and family history was recorded for all patients. A detailed clinical examination was done to determine the anatomical extent of index lesion, presence of other lesions, and status of the neck nodes. A punch biopsy was undertaken in all patients for histopathological confirmation of the diagnosis. All the patients were re-staged as per the AJCC-2010 staging system based on tumor, node, and metastatic extent of lesions during the study. Management protocols, treatment outcomes, follow-up details, and recurrence patterns were collected and analyzed.
Statistical Analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) software (version 16, SPSS, Inc., Chicago, IL, USA). Parametric and non-parametric data was displayed as mean (standard deviation) and median (interquartile range). Kaplan-Meier analysis was undertaken for survival analysis. Disease-free survival (DFS) was defined as the time interval from the date of diagnosis until date of first recurrence. Overall survival (OS) was defined as the time interval from the date of diagnosis until death from any cause. The date of diagnosis was deemed as date of registration at our institute as this being a referral hospital for all the cancers. Cox-regression analysis and log-rank test was done to identify the predictive factors for disease recurrence.
Results
There were 740 patients of oral cavity squamous cell carcinoma operated in our department between 1995 and 2010. A total of 124 patients with OTSCC qualified for the final analysis in the present study. Tongue constituted the second most common (n = 124, 16.7%) site of oral cancer preceded by combined buccal and gingivo-buccal mucosa cancer (n = 353, 47.7%).
Clinical Presentation
Mean age of the patients was 50.4 ± 12.0 years; it ranged from 25 to 85 years. There was a slight male predominance in the present cohort (men/women = 1.33). The majority (n = 121, 97.5%) of the patients presented with ulcer in the oral cavity; 56 (45.1%) patients also complained of pain. Bleeding and neck swelling were reported by seven (5.6%) patients each. Median duration of symptoms was 4 months (IQR 2-6) and varied from 1 month to 6 years. Physical examination revealed growth along the lateral border in 110 (88.7%), on the ventral surface in 7 (5.6%), and over the tip of tongue in 7 (5.6%) patients. Growth was ulcero-infiltrative in 71 (57.2%), ulceroproliferative in 50 (40.3%), verrucous in 2 (1.6%), and ulcerated in 1 (0.8%) patient. Mean tumor size (largest dimension) was 3.3 ± 1.4 cm (range 1-9 cm). Neck nodes were palpable in 70 (56.4%) patients-n1 in 48 (38.7%) patients, n2a in 1 (0.8%), n2b in 14 (11.3%), and n2c in 7 (5.6%) patients.
Patterns of Surgical Management
Trans-oral approach was used in 48 (38.7%), while mandibulotomy approach was undertaken in 76 (61.3%) patients. Hemiglossectomy was the most common surgical procedure performed in 71(57.2%) patients followed by anterior partial glossectomy in 32 (25.8%), subtotal glossectomy in 20 (16.1%), and total glossectomy in 1 (0.8%) patient. Primary closure could be achieved in 98 (79.0%) patients, while pectoralis myocutaneous flap was used to augment the residual tongue in 19 (15.3%) patients. Cut surface of tongue was left raw for secondary granulation in four (3.2%) patients. Free radial forearm flap and sternomastoid flap reconstruction were also carried out in two and one patient, respectively.
Ipsilateral neck was addressed surgically in all patients. Depending upon the nodal burden, neck dissection was performed. The majority of the patients (n = 86, 69.3%) underwent modified radical neck dissection (MND)-type I in 76 (61.3%), type II in 7 (5.6%), and type III in 3 (2.4%) patients. Radical neck dissection (RND) was undertaken in 9 (7.3%) patients in view of bulky nodes infiltrating the spinal accessory nerve and/or internal jugular vein. Among 54 clinically N0 patients, supra-omohyoid neck dissection (SOHND) was carried out in 28 (22.6%) patients, rest all had MND in view of intraoperative assessment of significant lymphadenopathy.
Contralateral neck was addressed in 27 (21.7%) patients as seven patients had clinically palpable nodes (n2c), while growth was found to be crossing midline in another 20 patients-SOHND and MND were undertaken in 23 (18.5%) and 4 (3.2%) patients, respectively.
There was no perioperative mortality. Table 1 displays the postoperative complications observed in the patient cohort.
Histopathological Examination
Histopathological evaluation revealed squamous cell carcinoma (SCC) in 122 patients and verrucous carcinoma in 2 patients. The differentiation of the tumor was uniformly reported using Broders system in 122 SCC patients, with well differentiated tumors diagnosed in 92 (75.4%) patients, moderately differentiated in 29 (23.7%) patients, and poorly differentiated tumor in one (0.8%) patient. Median tumor size was 2.5 cm (IQR 1.8-3.5). Negative resection margin was achieved in 121 (97.5%) with a margin positive rate of 2.4%. Ipsilateral neck metastasis was present in 49 (49/124, 39.5%) patients. Contralateral neck metastasis was present in four patients (4/27, 14.8%). Overall, neck metastasis was present in 50 of 124 (40.3%) patients. Among 54 clinically N0 patients, 14 (25.9%) had pathologically confirmed nodal metastasis (occult metastasis). Among 70 patients with clinically palpable neck nodes, 35 of them had pathologically confirmed nodal metastasis. There was no statistically significant association between T-stage and neck node positivity (45.2% in T1, 35.6% in T2, 36.4% in T3, and 50.0% in T4; Fischer exact test p value, 0.67). Table 2 displays the distribution of the patients among various AJCC TNM stages (final staging after histopathological examination).
Adjuvant Therapy and Patient Compliance
Adjuvant therapy was advised in 94 (75.8%) patients. Indications of PORT in OTSCC were T2-T4 lesions, highrisk factors (positive/close margins, presence of lymphovascular, or perineural invasion), positive neck nodes, and extra-capsular spread. Concurrent chemo-radiotherapy was added to radiotherapy in the case of positive margins or extra-capsular spread. Among 94 patients who were advised postoperative radiotherapy, 86 patients successfully completed it; six patients defaulted while two patients developed recurrence while awaiting radiotherapy. Over the study period, the dose of postoperative radiotherapy varied from 60 to 64 Gy.
Recurrence Patterns-Local, Regional, and Systemic Relapse Overall, 25 (20.1%) patients developed disease relapse and 5 (4.0%) patients developed second primaries. Sites of recurrence included local in 11 (8.8%), regional in 13 (10.4%), and systemic in 2 (2.4%); one patient had simultaneous loco-regional recurrence, while another patient had simultaneous systemic and regional relapse. Contralateral regional nodal metastasis was detected in four patients in whom contralateral lymph node dissection was not indicated initially at first surgery. (Fig. 1) .
Predictive Factors for Recurrence
Cox proportional regression analysis predicted tumor size and number of positive nodes to be independent predictive variables for disease recurrence (Table 3) . Log rank test revealed significant difference in the mean survival among different T stages (Fig. 2) , N stages (Fig. 3) , and final TNM stage (Fig. 4) .
Discussion
The present series is one of the few series of Indian patients with OTSCC, who have been treated with uniform management protocols. Moreover, all the data was recorded prospectively. Surgery is the primary modality of the treatment in tongue cancer whenever R'0' resection can be achieved with good functional outcome and minimal postoperative morbidity. Radiotherapy has also been advocated by many as a primary modality of treatment in early OTSCC (T1 and T2) as it conserves tongue volume and morphology and thus, purportedly, provides better functional outcome [4, 5] . There are some inherent drawbacks of the radiotherapy as the primary modality of treatment: (a) Complete histopathological information is not available, (b) neck is addressed in all cases by either surgery or external beam radiotherapy irrespective of its requirement, and (c) there are risks of long-term radiotherapyrelated complications including osteo-radionecrosis of the mandible and atrophied tongue. Availability of the expertise, radiotherapy facility, and the cost of the treatment are other deterrents for wide spread use of radiotherapy as the primary modality of treatment especially in developing countries where there is perpetual crisis of health resources. The frequency of neck metastasis in the present series is 40.3% across all T-stages. Previously published literature suggests wide variation in neck positivity ranging from 16 to 83% [6] [7] [8] [9] [10] [11] ; this difference is likely to be due to inclusion of patients with varied disease stages. Frequency of occult metastasis in the present series was 25.9%; this also varies from 11 to 34% in various previously published studies [7, 8, [10] [11] [12] [13] [14] . Frequency of occult metastasis has a bearing in deciding the management of N0 neck. Although a number of factors have been evaluated as predictive factors for node metastasis in clinically N0 neck, tumor thickness has been shown to be the most useful at predicting subclinical neck node metastasis [15, 16] . Byers et al. reported that those with muscle invasion <4 mm, clinically N0, and with a well-differentiated tumor, are likely to have a 14% chance of nodal involvement [17] . predictor of neck nodal metastasis-tumor up to 3 mm thickness had 10% nodal metastasis, thickness of more than 3 mm and up to 9 mm had 50% nodal metastasis, and tumor of more than 9 mm had 65% nodal metastasis [18] . These studies suggest that tumor thickness must be considered while deciding for elective neck dissection for clinically N0 neck. Recently published randomized controlled trial concluded that elective neck dissection resulted in higher rates of overall and disease-free survival than did therapeutic neck dissection among patients with early-stage oral squamous-cell cancer;
Yuen et al. reported that tumor thickness is the most important
elective node dissection resulted in an improved rate of overall survival (80.0%; 95% CI 74.1 to 85.8), as compared with therapeutic dissection (67.5%; 95% CI 61.0 to 73.9), for a hazard ratio for death of 0.64 in the electivesurgery group (95% CI 0.45 to 0.92; P = 0.01 by the logrank test) at 3 years [19] . Though established indications for adjuvant radiotherapy in tongue cancer are T3/T4 tumors, positive/close margins, high-risk factors (perineural invasion, lymphovascular invasion), N2 or N3 neck nodes, and extra-capsular spread, addition of chemotherapy to radiotherapy is warranted in the case of positive margins or extra-capsular spread [20] . The RTOG 9501 study concluded that concurrent postoperative chemotherapy and radiotherapy significantly improve the rates of local and regional control and disease-free survival among high-risk patients with resected head and neck cancer [21] . Recently published long-term results of RTOG-9501 concluded that those patients who had either microscopically involved resection margins and/or extra-capsular spread of disease showed improved local-regional control and diseasefree survival with concurrent administration of chemotherapy at a median follow-up of 9.4 years [22] . The EORTC-22931 study (23) concluded that postoperative concurrent administration of high-dose cisplatin with radiotherapy is more efficacious than radiotherapy alone in patients with locally advanced head and neck cancer and does not cause an undue number of late complications. A pooled analysis of patients enrolled in these two trials [21, 23] also concluded that microscopically involved resection margins and extra-capsular spread of tumor from neck nodes are the most significant prognostic factors for poor outcome; the addition of concomitant cisplatin to postoperative radiotherapy improves outcome in patients with one or both of these risk factors who are medically fit to receive chemotherapy [24] . Our institutional policy of adjuvant treatment in tongue cancer has been the same with a few differences; we also recommend adjuvant radiotherapy in T2 tongue tumors and N1 neck nodes in view of aggressive nature of tongue cancer. Adjuvant radiotherapy for isolated neck lymph node involvement in the absence of other risk factors has been a matter of controversy. In a retrospective study of 59 patients of early OTSCC, Chen et al. concluded that adjuvant radiotherapy in pathologic N1 disease significantly improved disease-free survival; the 5-year DFS rates were 81.2 and 53% for the patients with and without PORT, respectively (p = .03) [9] .
Loco-regional relapse is the common reason for treatment failure. The relapse rate in the present series was 20.1%: Locoregional relapse was seen in 17.7% patients. This is much favorable as compared to what has been reported in various other studies (Table 4) ; the reported local recurrence varies from 4 to 25%, while regional recurrence varies from 6 to 30% [6] [7] [8] [9] [10] [11] [12] [13] [14] [25] [26] [27] . The 5-year DFS was 81.5% in the present study which is also well comparable to reported DFS of 50-90% among various case series published in literature [6-9, 12-14, 25-27] . The low loco-regional relapse in the present study may be attributed to quality-controlled surgery (margin positivity rate of only 2.8%) and liberal use of radiotherapy (T2 onwards tumor size and any neck node positivity). The reported 5-year overall survival of tongue cancer among previously published studies varies from 56 to 95%. This wide variation in OS is likely to be the result of patient cohorts of different clinico-pathological profiles and management protocols in different studies. Our study also highlights the lower rates of distant failures in our cohort of patients.
Various studies have identified different factors which are predictive of recurrence. MSKCC study, which included 216 patients with early stage (cT1-2N0) SCC of the oral tongue, reported that occult neck metastases were the main independent predictor of OS, DSS, and DFS on multivariate analysis; patients who had occult metastases had a fivefold increased risk of dying of disease compared with patients who did not have occult metastases (5 years DSS, 85.5 vs 48.5%). A positive surgical margin was the main independent predictor for local DFS (91 vs 66% for a negative surgical margin; p value 0.0004), and depth of invasion was the main predictor for neck RFS (91 vs 73% for depth of invasion <2 and >2 mm, respectively; p value 0.02) [12] . Previously published studies reported 1.1 to 36.5% positive/close margins across various centers. Though there have been reports of using intraoperative ultrasound to assess the margins [28, 29] , margin positivity was only 2.4% using hand-palpation method in the present series. Though our center is a training center, we believe that our strict quality-controlled surgery resulted in this low margin positivity. This is almost universally accepted that clear margins (>5 mm) reduce the local failure rates. Several limitations of the present study should be acknowledged, particularly the loss of patients to follow-up. Almost one fourth of the patients were lost to follow-up in the present study. Another limitation is non-standardization of histopathological evaluation of the specimens in the initial part of the study. Hence, the pathological prognostic factors including depth of invasion, perineural invasion, and lymphovascular invasion could not be assessed in the present study. Levels of lymph nodal involvement were also not uniformly reported. This information could have helped us analyze the requirement of various levels (extent) of lymph node dissection. Despite these limitations, the present study provides useful data related to various clinical, management related, and pathological aspects of tongue cancer in Indian patients.
We conclude that multimodality management including quality-controlled surgery provides safe and effective treatment of oral tongue squamous cell cancer with good OS and DFS with minimal postoperative complications.
